Activation of arylalkylamine N-acetyltransferase by phorbol esters in bovine pinealocytes suggests a novel regulatory pathway in melatonin synthesis.
In all mammalian species investigated, noradrenaline activates a beta-adrenoceptor/cAMP/protein kinase A-dependent mechanism to switch on arylalkylamine N-acetyltransferase and melatonin biosynthesis in the pineal gland. Other compounds which are known to influence the melatonin-generating system are phorbol esters. The effect of phorbol esters on regulation of melatonin synthesis has been mainly investigated in rat pinealocytes. In these cells, phorbol esters do not increase cAMP levels and arylalkylamine N-acetyltransferase on their own; however, phorbol esters potentiate the effects on cAMP and AANAT activity induced upon beta-adrenoceptor stimulation. In the present study, we investigated the effect of phorbol esters on the regulation of melatonin synthesis in bovine pinealocytes. We show that, in these cells, the phorbol esters 4beta-phorbol 12-myristate 13-acetate (PMA) or phorbol 12,13-dibutyrate have a direct stimulatory effect and induced 4-10-fold increases in AANAT protein levels, AANAT activity and melatonin production. The extent of these effects was similar to those induced by noradrenaline. Notably, responses to PMA were not accompanied by increases in cAMP levels. Northern blot analysis showed that Aanat mRNA levels did not change upon PMA treatment indicating that phorbol esters control AANAT at a post-transcriptional level. The effects on AANAT and melatonin production were reduced by use of protein kinase C inhibitors, but not by blockade of the cyclic AMP/protein kinase A pathway. Our results point towards a novel mechanism in the regulation of melatonin production that is cAMP-independent and involves protein kinase C. The study is of particular interest because regulation of melatonin biosynthesis in bovines may resemble that in primates more closely than that in rodents.